ABSTRACT. Humanthyroid epithelial cells were isolated from surgically resected human thyroid gland with collagenase and cultured for one week under EGF-supplementedconditions to allow them to proliferate. Then the cells were transferred to the following three-dimensional culture systems. One was a culture of isolated cells between floating double layers of collagen gel, designated the "floating sandwich method." The other was a culture of isolated cells mixed with collagen gel, designated the "dispersed embedding method." Many folliclelike structures with lumina of appreciable size were obtained by the former method. The cells cultured by the floating sandwich method exhibited a distinct polarity shown by the presence of numerous microvilli at the apical surface and close contact with collagen gels at the basal surface. On the other hand, only a few folliclelike structures were obtained by the dispersed embedding method, in which the folliclelike structures were small in size and the cells showed less distinct polarity than those observed in the floating sandwich method. Thus, the floating sandwich method appears to be suitable for studying the process and mechanism of in vitro organization of follicular structures by human thyroid epithelial cells.
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Epithelial cells in vitro lose their spatial organization when cultured on plastic dishes. However, these cells exhibit a potential to form organized structures whencultured in collagen gel. Recently, several studies reported on structural changes in epithelial cells cultured in collagen gel. Two techniques of embedding epithelial cells in collagen gel have been employed. One is to culture the cells between two layers of collagen gel (8-ll) , and the other is to culture the cells mixed with collagen gel (1-7). We have previously modified the former method to culture established cell lines of humancancers between double layers of collagen gel floating in the medium (12) . Our modified method allowed the cells to form organoid structures virtually identical to those seen in tumors grown in nude mice. In the present study, we extended the method to primary culture of normal human lated from surgically resected human thyroid glands. Briefly, after extensive mincing, the tissue was digested by collagenase (25 mg/50 ml) and dispase (100 mg/ml) in Ca2+-free Hanks' balanced salt solution at 37°C for 20 min. Then the thyroid epithelial cells were purified by centrifugation at 50 x g for 1-2 min. Isolated epithelial cells were suspended in Dulbecco's modified Eagle's medium (DMEM:Gibco Laboratories) supplemented with streptozotocin, EFG (20 ng/ml) and 5% fetal calf serum, and plated on plastic dishes. After culturing for 2 weeks, these cells were detached by trypsin-EDTA treatment. 2) Preparation ofcollagen solution. Type I collagen was extracted by stirring sterile rat tail tendons for 48 hours at 4°C in acetic acid solution (3.3 mg/ml). The resulting viscous solution was centrifuged at 4,000 x g for 30 min. The supernatant was stored at 4°C before use. Collagen-mixture solution was prepared by mixing 17 volumes of collagen solution with 4 volumes of 13.3 x HamF's 12 solution containing NaOH(13.3 times concentrated Ham'sF 12 : 0.34 NaOH=10: 3), and put into a CO2incubator kept at 37°C to form gel.
3) Three-dimensional culture using collagen gels.
Thyroid epithelial cells isolated as above were cultured by the following two methods.
(i) Culture of cells between double-layered floating collagen gel (floating sandwich method). The collagen mixture was poured into the dish and allowed to stand at 37°C for 5 min. After rinsing the gel with the culture medium, the cells were seeded onto the gel and cultured. Whenthe thyroid epithelial cells formed a con fluent monolayer on the surface of collagen gel, the mediumwas carefully drained and the cells were covered with the another layer of collagen gel. After culturing for 24 hours, the collagen gel was allowed to float from the dish into the culture medium.
(ii) Culture of cells in collagen gel (dispersed embedding method). Isolated thyroid epithelial cells were mixed with a cold collagen-mixture solution, poured into the culture dish, and allowed to harden at 37°C in a CO2 incubator. After forming gel, culture medium was added.
4) Processing for light and electron microscopy. After culturing for 2 weeks, the cells were fixed in situ in 25% buffered formalin for 24 hours for hematoxylin and eosin staining and for immunohistochemical demonstration of keratin (DAKO;polyclonal, ABCmethod). For electron microscopic examination, they were fixed in situ \n \% glutaldehyde-4% formaldehyde in 0.1 M cacodylate buffer (pH 7.4).
RESULTS
After enzyme digestion of humanthyroid tissues, cell aggregates were isolated and seeded on plastic dishes. The cells were cultured under fetal calf serum and EGF supplemented conditions to allow them to proliferate in primary culture. One week after plating, the cells proliferated and formed monolayers (Fig. 1 ). These After becoming a con fluent monolayer in primary culture, the cells were harvested by trypsinization. When these cells were seeded on collagen gels at a high cell density, they formed a con fluent monolayer after one to two weeks (Fig. 2) . After sandwiching of these monolayers by another layer of collagen gel and floating the gels for 2 weeks, a row of many folliclelike structures was observed between the two collagen gel layers (Fig.   Fig. 1 . Con fluent monolayer of epithelial cells in primary culture isolated from human thyroid gland (phase-contrast optics), x 10. 4a). These large folliclelike structures were often found. In contrast, when cells were cultured by the dispersed embedding method, randomly distributed single or small cellular aggregates were found in the collagen gel (Fig. 6a) . Only a few of them showed a small folliclelike lumen. However, the cells were positive for keratin (Fig. 4b) and negative for thyroglobulin regardless of the culture method employed.
Ultrastructural examinations showed that the cells cultured on collagen gel possessed microvilli on the apical pole (Fig. 3a) . Between adjacent cells, junctional complexlike structures were formed (Fig. 3b) . In the cells cultured by the floating sandwich method, folliclelike structures composed of cells with distinct polarity were observed. The apical pole with microvilli faced the folliclelike lumen and the basal pole faced the collagen gel (Figs. 5a and b) . In the cytoplasm near the basal pole, many micro filaments running along the plasma membranewere observed (Fig. 5d) . Between adjacent cells, many desmosomes were observed (Fig. 5c ). On the other hand, folliclelike structures obtained by the dispersed embedding method consisted of some cell aggregates with small lumina and showed less distinct polarity (Fig. 6b) . Intercellular junctions were more abortive in ultrastructure (Fig. 6c) . At the basal pole, no micro filaments were observed. ported that cells isolated from a monolayer culture of porcine thyroid cells by trypsin-EDTA treatment reorganized into folliclelike structures whencultured by the dispersed embedding method (7) . In the present study, we examined the dispersed embedding method using humanthyroid epithelial cells isolated from a monolayer culture. The human thyroid epithelial cells cultured by this method showed folliclelike structures, as previously reported (14) , but the size of the organized follicles was small and identical to those reported by
Garbi as "compact spheroids with small lumen" (5, 6). The polarized arrangement of the constituting cells was indistinct.
Therefore, we tried to culture humanthyroid epithelial cells by the floating sandwich method. MardinDarby canine kidney (MDCK)cells and normal murine mammarygland cell lines (8) , pancreatic endocrine cells (10) , endothelial cells (9) and thyroid cells (ll) were shown to reconstitute cavity structures when cultured between two layers of collagen gel. The floating sandwich method using collagen gel employed in this paper has several advantages for obtaining organized structures when compared with the dispersed embedding method, in that a con fluent monolayer of epithelial cells is obtained before being overlaid with the second collagen gel layer, so that cells arranged in sheets are embedded between the collagen layers. Moreover, we made collagen layers that floated in the mediumbecause we observed that the cells cultured by the floating sandwich method yielded more organized structures than those cultured by non-floating methods (12) . We found more numerous folliclelike structures with a more distinct polarized arrangement of the cells under this condition, as reported by Kitajima et al. (13). In conclusion, the floating sandwich method was shown to be a suitable method for human thyroid epithelial cells to reconstruct organoid structures in vitro. This method appears to be useful for studying the mechanisms involved in the reorganization of polarized structures by epithelial cells in vitro.
